
Introduction 

Due to its toxic properties, cadmium is one of the heavy 
metals that are often analysed in biological samples. Data on 
the exposure to cadmium in the human population are 
necessary for the evaluation of risks to human health. 
Consequently, in the second German Environmental Survey 
(GerES II) — a nationwide representative multi-pollutant 
epidemiological and environmental study with about 5000 
subjects selected at random and distributed over 150 sample 
points, which was carried out in the years 1990 to 1992 (see 
Krause etal., 1996a,b; Seifert etal., 2000) — samples were 
also analysed for their cadmium content. 

Pursuing the work started with GerES I (Krause et al., 
1989), the main objectives of GerES II were to establish 
reference values with regard to the existing body burden and 
the pollution of the domestic environment, to compare the 
exposure of children with that of adults, and to indicate 
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whether there are differences in exposure between West and 
East Germany. In addition, it was the aim of the study to 
investigate the influence of social factors, lifestyle char¬ 
acteristics and the environment on the exposure to various 
pollutants by the use of multiple regression models. 

In GerES II, cadmium levels were determined in different 
types of matrices: biological samples like blood, urine and 
hair, house dust in vacuum cleaner bags, dust deposition 
indoors and outdoors, tap water, and food. This paper 
reports the results of cadmium determination in blood, urine 
and hair samples. Blood cadmium level was used as an 
indicator of recent exposure, whereas urinaiy cadmium 
excretion was considered to reflect chronic or past exposure. 
The cadmium concentration in scalp hair was analysed to 
examine whether the determinants of cadmium level in hair 
are different from those in blood and urine. 


Subjects and methods 

Subjects and Study Area 

Following a first Environmental Survey carried out in the 
Federal Republic of Gentiany in 1985/1986 (GerES I; see 
Krause et al., 1989), the Environmental Survey was 
conducted in the west of Germany (the FRG before 
reunification) in 1990/1991 (GerES Ila) and extended to 
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the east of Germany (former GDR) in 1991/1992 (GerES 
lib). 

A two-stage sampling design was applied. In the first 
stage, 150 sample area segments (100 in West Germany and 
50 in East Germany) were selected at random. Then, in the 
second stage, 80 persons were randomly selected in each 
sample area segment. In both stages, proportionate 
stratification procedures were used. The strata were defined 
by community size in the first stage and by gender and age 
in the second stage (for more details, see Seifert et al., 
2000 ). 

In West Germany, 2524 adults aged 25-69 years and 453 
children aged 6-14 years were investigated. In East 
Germany, the sample sizes for these age groups were 
1497 and 283, respectively. Participation in the study was 
voluntary. The participation rate was 63.1% in West 
Germany and 69.9% in East Germany. 

The participants were asked to complete questionnaires 
of more than 200 questions designed to obtain relevant 
information regarding socio-economic status, characteris¬ 
tics of the residential quarter, occupation, food frequencies, 
smoking habits, previous diseases and current health status, 
potential environmental exposures, household and lifestyle 
characteristics (Seifert et a!., 2000). They were asked to 
collect a urine sample in the morning. A spot sample was 
preferred over a 24-h sample for reason of practicability. 
Besides the urine sample, two 5-ml samples of venous 
blood and a sample of approximately 200 mg scalp hair 
were also obtained from each subject. 

Analytical Methods 

Cadmium concentrations in blood were determined using an 
electrothermal atomic absorption spectrometer (Perkin- 
Elmer model 5000). Cadmium concentrations in urine were 
determined by Zeeman atomic absorption spectrometry 
(Perkin-Elmer model Z 3030). The limits of quantification 
(LOQs) were 0.1 figl\ for blood and 0.05 /rg/1 for urine. A 
total of 286 blood samples and 289 urine samples (6.1% in 
either case) showed values below LOQ. In the subsequent 
data treatment, the cadmium concentration of these samples 
was set at 0.05 and 0.025 jirg/l, respectively. 

All analyses were carried out under strict quality control 
conditions. For internal quality control concerning the 
analysis of blood, commercially available reference blood 
was used (Behringwerke, Marburg, Germany). Addition¬ 
ally, three further standards and three native bloods were 
analysed repeatedly. The coefficient of variation was 
between 9% and 16%. In the analysis of urine, the 
“Seronorm Trace Element” standard (Nycomed) was used. 
External quality control was achieved by regular participa¬ 
tion in round robin tests organised by the German Society 
for Occupational and Environmental Medicine (for details, 
see Krause et al., 1996a). Here, the relative measurement 
error varied between 1% and 18%. 
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Cadmium concentrations in hair were determined by 
inductively coupled plasma mass spectrometry. The LOQ 
was 0.006 yrg/g. The cadmium content of 85 hair samples 
(1.9%) was below LOQ. The cadmium concentration of 
these samples was set at 0.003 ^g/g in the subsequent data 
treatment. For internal quality control, the reference 
standard GBW 09101 (Shanghai Institute of Nuclear 
Research, China) was used. The coefficient of variation 
obtained from 278 repeated measurements was 20%. 


Statistical Methods 

The statistical analysis included both descriptive and 
inferential methods. To d^oribe the distributions of 
cadmium concentrations in blood, urine and hair, tables 
containing percentiles and geometric means (GMs) are 
given. Besides the 10th, 50th, and 90th percentiles, the 95th 
percentile was also specified to reflect the asymmetry of the 
distribution and to focus on persons with high exposure. 
Since statistical tests revealed that the data are log-normally 
distributed, which is in agreement with a general result 
concerning the distribution of environmental concentrations 
(Ott, 1990), the GM rather than the arithmetic mean was 
preferred to characterise the mean location of the data. 
Moreover, a 95% confidence interval for the GM (CI-GM) 
was added to assess the estimation error of GM. The 
confidence interval was obtained through the substitution 
method (Daly, 1998) using the confidence limits for the 
arithmetic mean of the logarithmically transformed data. 
Moreover, confidence intervals for the 95th population 
percentiles were calculated as 0.95 parametric confidence 
intervals using again a logarithmic transformation of the 
data (Holst and Christensen, 1992; Poulsen et al., 1997). 
However, these confidence intervals are not reported here to 
avoid confusion with the 95th percentiles of the population 
sample (see Krause et al., 1996a,b). in Tables 1, 3 and 5, 
the GM is bold - feced and specified with one more digit than 
the percentiles. This is warranted because of the small 
estimation error of the GM and the large sample size. 

The data described in the tables are classified according 
to some variables concerning environmental exposures, 
lifestyle characteristics, and social factors. To check whether 
the mean values of the subgroups, e.g., men and women, are 
significantly different, the F-test of the analysis of variance 
is commonly used. Since the F -test is only applicable to 
normally distributed data, the cadmium concentrations had 
to be transformed logarithmically. After re-transformation, 
significantly different arithmetic means of the logarithmic 
concentrations are represented by significantly different 
GMs of the original concentrations. In this paper, a 
significance level of 0.001 is used. Therefore, the 
probability that the GMs are considered to be different 
although they are actually equal (error of the first kind) is 
less than or equal to 0.1%. 
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Table I. Cadmium concentrations (/ig/l) in blood across categories of selected variables*. 



N 

PlO*’ 

P50 

P90 

P95 

CM' 

Cl-CM"' 

Adults (aged 25—69 years) 

3965 

0.1 

0.3 

1.9 

2.6 

636 

(0.35-0.38) 

Smoking status 

Never-smokers 

1670 

0.1 

0.2 

0.5 

0.7 

0.21 

(0.20-0.22) 

Former smokers 

1036 

0.1 

0.3 

0.7 

I.O 

0.25 

(0.24-0.27) 

Current smokers 

1258 

0.3 

t.3 

3.0 

3.7 

1.04 

(0.98-1.10) 

Cigarettes smoked currently 

I -5 cigarettes/day 

163 

0.1 

0.4 

1.6 

2,0 

0.42 

(0.36- 0.49) 

6-10 cigarettes/day 

240 

0.3 

1.2 

2.9 

3.4 

1.05 

(0.94-1.18) 

11-15 cigarettesyday 

174 

0.6 

1.3 

2.6 

3.0 

1.20 

(1.08-1.33) 

16-20 cigarettes/day 

338 

0.5 

1.5 

3.3 

3.9 

1.33 

(1.21-1,45) 

>20 cigarettes/day 

256 

0.6 

1.8 

3.8 

5.0 

1.51 

(1.35-1.69) 

Cd deposition outdoors 

<0,25 day) 

2325 

0.1 

0.3 

1.8 

2.5 

0J4 

(0.33 -0.36) 

0.26-0.5 

1075 

0.1 

0.3 

1.9 

2-6 

0.38 

(0.36-0.41) 

>0.5 ;ig/ day) 

565 

0.1 

0.4 

2.0 

2.8 

0.44 

(0.40-0.48) 

Children (aged 6-14 years) 

713 

0.1 

0.1 

0.3 

0.4 

0.14 

(0.13-0.15) 

Part of the country 

West Germany 

512 

0.1 

0.1 

0.3 

0.3 

0.13 

(0.12-0.14) 

East Germany 

201 

O.I 

0.2 

0.4 

0.5 

0.17 

(O.IS-0.18) 


“All selected variables define subgroups tvith significantly different geometric means (/;<0.D0I). 
’’Pn=rith petcentile of the empirical distribution. 

‘Geometric mean. 

‘‘95% confidence interval for the geometric mean. 


For classification of the data, only such variables were 
used in the tables which define subgroups with significantly 
different GMs of cadmium concentration. Some additional 
variables with subgroups of significantly different GM 
cadmium concentration are mentioned in the text. For a 
complete presentation of the results, the reader is referred to 
more detailed works (Krause et al., 1996a,b). 

To study multivariate associations between cadmium 
levels and a number of other parameters that were measured, 
and information available from the questionnaires, regres¬ 
sion analysis was applied. Prior to regression analysis, the 
cadmium concentrations were transformed using a logarith¬ 
mic function. Stepwise regression was used as variable 
selection procedure. Following stepwise regression, pre¬ 
dictors that accounted for less than 0,3% of the observed 
variance of the dependent variable were omitted in order to 
achieve a higher robustness and stability of the model. In 
this paper, the predictors of the regression model ate finally 
obtained and their variance components are given. The 
variance component belonging to a certain predictor is the 
percentage of the total variance of cadmium concentration 
that is explained by the predictor. The model equations, 
correlations, standardised regression parameters, confidence 
intervals for all model parameters, and the exact definitions 
of all variables used are presented in an extensive report 
(Hoffmann et al., 1999). 

12 s 


Although in the study design a two-stage proportionate 
stratification procedure was applied to obtain a study 
population representative of community size, gender and 
age, the relative ftequencies of, e.g., men and women, in the 
population sample were not fully identical with those of the 
German population. To compensate for this bias, which can 
partly be attributed to a less than 100% participation rate, 
the proportions were adjusted for the descriptive statistical 
analysis by weighting the data. The weighting procedure 
also included a correction factor for the ratio of the number 
of subjects from West and East Germany in the sample. The 
weights were used in the estimation of the parameters given 
in Tables 1, 3 and 5, but not in the regression analyses. 

The statistical analyses were carried out under the 
assumption that the sample was a simple random one 
although the observations are clustered by sample area 
segments. However, the design effect (Callahan et al., 
1995) of GerES II was found to be 1.05 (Seifert et al., 
2000), which is close to 1. Therefore, the standard errors, 
confidence intervals, and test statistics used in the statistical 
calculations are only slightly influenced by clustering 
effects. Moreover, further regression analyses carried out 
using each sample area segment as an additional dichot¬ 
omous predictor showed no significant improvements of the 
models derived for the cadraium concentration in blood, 
urine, and hair. 
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Results 

Blood Cadmium Concentrations in Adults 
Table 1 describes blood cadmium concentrations in adults in 
relation to smoking status and smoking intensity, and 
cadmium deposition outdoors. Current smokers had, on 
average, five times higher levels than never-smokers and 
four times higher levels than former smokers. The cadmium 
concentration in blood increased significantly with increas¬ 
ing number of cigarettes smoked per day (for a model 
compulation, see Figure 1 in Hoffmann et al., 2000). In 
contrast, the number of cigars, small cigars and pipes 
smoked did not influence the concentration. Although the 
blood cadmium concentration increased significantly with 
increasing duration of smoking, the long-term influence of 
smoking is less pronounced. This is consistent with the fact 
that the blood cadmium concentration reflects rather the 
current level of exposure than the past exposure to this 
metal (WHO, 1992). 

The influence of environmental cadmium on the blood 
concentration becomes visible if the cadmium levels in 
blood are classified according to cadmium deposition 
outdoors as measured at the respective sample point over 
1 year. Obviously, the influence of environmental cadmium 
exposure on the blood cadmium level is not as pronounced 
as that of current smoking. Other regional variables, like the 
community size or the fact of living in an urban area (yes/ 
tio), took no effect on exposure to cadmium. 

Moreover, the cadmium concentration was not signifi¬ 
cantly influenced by age and gender. The GMs differed only 
slightly between men and women (GM=0.38 pg/l for men, 
GM=0.35 pg/1 for women). On the other hand, bivariate 
statistical analyses indicated that alcohol consumption as 
well as the level of education had significant associations 
with the cadmium concentration in blood (Krause et al., 
1996a). Most probably, these associations are confounder 
effects since the results of multivariate statistical analysis 
{_cf. Table 2) showed that alcohol consumption and the level 
of education are negiigible predictors of the cadmium 


concentration in blood as soon as cigarette smoking is 
already considered in the model. 

The most important determinant of blood cadmium 
concentration in adults is smoking cigarettes. A specific 
indicator 7 b for smoking habits was derived from a 
mathematical model which takes into account the biologi¬ 
cal half-time of cadmium in blood. In the model, the effect 
on the current blood cadmium level of the cigarettes 
smoked t months ago was characterised by a exponential 
function e“*'. Substituting parameter b by — ln(0.5)/r, 
the effect is given by Since the effect is reduced by 

half if t increases from 0 to t, the parameter r is the 
biological half-time in months (Hoffmann et al., 1999, 
2000). Integrating over the entire exposure time, the 
indicator 7 b is defined by: 

Ib = [O.S'’/^ - 0.5®/^] * ln(a + 1). 

In this equation, a represents the number of months since 
the beginning of smoking (a=0 for never-smokers), b 
represents the number of months since the end of smoking 
{b-Q for smokers and also for never-smokers, because of 
b<a), and the constant 3 is the estimated biological half¬ 
time. Parameter z represents the number of cigarettes 
usually smoked per day for both current and former 
smokers (z=0 for never-smokers). Hence, the indicator 
simultaneously includes information on the number of 
cigarettes smoked per day, the duration of smoking and 
the time since a former smoker stopped smoking. A high 
value of 7 b means that there must have been intensive 
smoking during the last year, whereas having smoked 
several years ago has only a small effect on the value of 
7 b due to the relatively short biological half-time of 
cadmium in blood. 

Besides the main influence of smoking taken into 
account by the indicator for smoking habits, regression 
analysis demonstrated that the duration of smoking has an 
additional influence. This additional influence was different 
for men and women. Furthermore, regression analysis 


Table 2> Predictors of cadmium concentration in blood. 


Adults (N=3791J 


Children (W=703) 


Predictor 

Percentage* 

Predictor 

Percentage 

Indicator /b for smoking habits’’ (West') 

27.0 

Currently smoking (0=no, l = yes) 

5.6 

Indicator Iq for smoking habits (East^) 

19.3 

Part of the country (0=Wcst, l=East) 

4.3 

Duration of smoking in years (men”) 

6,3 

Living in urban area (0-no, l=yes) 

2.3 

$um of the duration of smoking and 

1.9 

Time of the year (0=May to 

1.5 

age in yeais (women') 

54.7 

September, 1 ^October to April) 

13.7 


^Percentage of the variance of cadmium levels explained by die predictor. 

^For definition of indicator/ b» see text 

‘^Predictor variable is defined for the subsample designated in parentheses and zero, otherwise. 
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showed that independent of smoking, the blood cadmium 
level in women increased with age, while no age-related 
increase occurred in men. Smoking behaviour, age and 
gender explained 54.7% of the total variance of blood 
cadmium concentration in adults. 

Blood Cadmium Concentrations in Children 
Cadmium concentrations in children were substantially 
lower than in adults, even if compared with never-smokers. 
In children, the only significant difference in blood 
cadmium concentrations was between West and East 
Germany (Table 1). 

Regression analysis showed that current smoking, the 
fact of living in an urban area, and the time of the year 
all contributed to the cadmium concentration in children's 
blood (Table 2). Compared with the result for adults, the 
regression model for children explained much less of the 


total variance of blood cadmium concentration, namely 
only 13.7%. This can partly be explained by the smaller 
total variability of blood cadmium concentration in the 
case of children as can be seen by the percentiles in 
Table 1. 

Urinary Cadmium Concentrations in Adults 
The distribution of urinary cadmium concentrations in 
German adults is described in Table 3, across categories of 
selected variables. The mean cadmium level in smokers was 
almost twice as high as in non-smokers. Persons aged 60- 
69 years had also levels twice as high as persons aged 25- 
29 years. Clearly, this is not a pure age-related effect, since 
for smokers, the duration of smoking increases with 
increasing age. In the present study, the urinary cadmium 
concentration was also significantly influenced by the 
community si 2 e, the level of education, occupational 


Table S. Cadmium concentrations (Atg/f) in urine across categories of selected variabies'^. 



N 

PIO’’ 

P50 

P90 

P95 

Ckf 

CI-GM'* 

Adults (aged 25-69 years) 

4002 

0.09 

0.30 

0.92 

1.27 

0.287 

(0.279-0.295) 

Age 

25-29 years 

539 

0-06 

0.21 

0.53 

0.74 

0.189 

(0.174-0.204) 

30-39 yeare 

951 

0.08 

0.25 

0.73 

0.95 

0.247 

(0.233-0.261) 

40—49 years 

829 

0.10 

0.32 

0.91 

1,19 

0.297 

(0.279-0.316) 

50-59 years 

943 

O.ii 

0.34 

1.14 

1.48 

0.342 

(0.322-0.363) 

60-69 years 

740 

0.12 

0.38 

111 

1.42 

0.363 

(0.341-0.387) 

Smoking status 

Never-sraokers 

1689 

0.08 

0.24 

0.65 

0.90 

0.226 

(0.216-0.236) 

Former smokers 

1052 

0.09 

0.29 

0.76 

1.09 

0.273 

(0.259-0,288) 

Current smokers 1260 

Duration of smoking (current smokers) 

0.13 

0.44 

1.29 

1.65 

fSAn 

(0.392-0.434) 

< 10 years 

166 

0.08 

0.24 

0.70 

0.95 

0,228 

(0.199 - 0,262) 

11-15 years 

238 

0.12 

0.32 

0.69 

0.90 

0.289 

(0.262-0.320) 

16-20 years 

233 

0.13 

0.44 

1.18 

1.61 

0.410 

(0.364-0,46!) 

>20 years 

610 

0.16 

0.60 

1.S4 

1.91 

0.5S3 

(0.516-0.593) 

Cd deposition outdoors 

<0.25 /ig/(m^ day) 

2351 

0.09 

0.28 

0.87 

1.20 

0.268 

(0.258-0.278) 

0.26-0.5 day) 

1085 

O.IO 

0.31 

0.91 

1.27 

0.301 

(0,285-0.318) 

>0,5 pgl (m^ day) 

566 

0.12 

0.37 

1.14 

1.36 

0.348 

(0.323-0.375) 

Children (aged 6—14 years) 

732 

<0.05 

0.10 

0.21 

0.27 

0.087 

• (0.082-0.092) 

Part of the country 

West Oermany 

525 

<0.05 

0.09 

O.IS 

0.24 

0.077 

(0.072-0,082) 

East Germany 

208 

<0.05 

0.13 

0.28 

0.39 

0.119 

(0.107-0,133) 

Gender 

Boys 

377 

<0.05 

0.09 

0.19 

0.24 

0.078 

(0.072-0.084) 

Giris 

355 

<0.05 

0.11 

0.24 

0.30 

0.098 

(0.090-0.106) 


"AH selected variables define sub^oups with signiHcantly different geometric means (p<0.001). 

*'Pn=«th percentife of the empirical distriburion. 

'Geometric mean. 

'*95% confidence interval for the geometric mean. 
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T 1 
- 1 


^Percentage of the variance of cadmi^lm levels explained by the predictor, 

‘’For definition of indicator, /u see text. 

“Predictor variable is defined for the subsample designated in parentheses and zero, otherwise. 


activities, consumption of wine and sparkling wine, c 

consumption of raw vegetables, and sporting activity c 

(Krause et al., 1996a). Since the latter variables were t 

negligible as predictors of urinary cadmium concentration t 

in a multivariate regression model, they were not used in 
Table 3. i 

The determinants of cadmiuni concentration in urine 1 
were more complex than those in blood (Table 4). Again, i 
smoking was the most important factor to have an influence 1 
on the body burden of cadmium. A total of 18.3% of the < 
variance of urinary cadmium concentration was explained i 

by predictors concerning smoking. In analogy to the model ( 

for cadmium in blood, a specific indicator In for smoking i 

habits was used (Hoffinann et al., 1999). lu is defined in 
the same way as Jb with the one exception that the constant, < 
3, representing an estimate of the biological half-time was < 
replaced by 360. Thus, the indicator In reflects rather the ( 
long-term influence of smoking. 1 

The level of creatinine, which expresses urine concentra¬ 
tion, ranked second in importance. The high variance ( 
component of 13.2% can be explained by the kind of urine 
sample and should be reduced if a 24-h san^le is used 
instead of a spot sample. To eliminate the influence of flic 
creatinine level on a substance level, the substance level is 
sometimes divided by the creatinine level before carrying 
out the statistical analyses. However, in the case of the 
morning nrine sample in GerES II, the division of cadmium 
concentration by the creatinine level showed no expected 
effect since the creatinine level remained an important factor 
in the regression model. 

A further important factor that has an impact on the 
cadmium concentration in urine was found to be age 
(7.3%). Gender-specific differences were observed for all 
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of the three important factors. Finally, regional and 
occupational variables accounted for 1.9% and 0.4% of 
the observed variance, respectively. Altogether, 41.1% of 
the observed variance could be explained by the model. 

Urinary Cadmium Concentrations in Children 
Urinary cadmium concentrations in children were substan¬ 
tially lower than in adults. The levels were, on average, 50% 
higher in East Gennan children than in West German 
children (Table 3), a regional effect similar to the one found 
for blood. However, in contrast to blood, the mean urinary 
cadmium concentration in girls was significantly higher 
than in boys. 

Regression analysis showed that besides the part of the 
country and gender, the creatinine level in urine and the 
cadmium deposition outdoors were further determinants 
(Table 4). A total of 22.9% of the observed variance could 
be explained. 

Cadmium Concentrations in the Hair of Adults 
The distribution of cadmium concentrations in hair is 
described as dependent on the part of country, gender, 
cadmium concentration in tap water, smoking status and 
permanent waves in the hair (Table 5). Adults in East 
Germany had about 50% higher cadmium levels than adults 
in West Germany. The cadmium concentrations in hair of 
men were significantly higher than those in hair of women. 
If subjects with chemical treatment of the hair (permanent 
wave, dying, tinting) are excluded, the gender-related 
effect is even more pronounced since the GM of cadmium 
concentration in women decreases to 0.33 (Jg/g, whereas 
the mean concentration in men remains unchanged (Ifrause 
et al., 1996b). The effect of permanent wave treatment is 



T^ble 4. Predictors of cadmium concentration in urine. 


Adults (W=3827) 


Children (/V=73!) 



Predictor 

Percentage* 

Predictor 

Percentage ] 


Indicator /u for smoking habits^ (men') 

11.2 




Indicator /ij for smoking habits (women') 

2.3 




Cigarettes smoked currently (West') 

2.2 




Cigarettes smoked currently (Easf) 

2.6 




Age (men') 

3.2 

Gender (0=boys, [=girl) 

2.2 I: 


Age (women') 

4.1 




Creatinine level (men*) 

4.7 

Creatinine level 

13.4 


Creatinine level (women*) 

8.5 




Pan of Ibe pountry (0=West, 1 =East) 

1,2 

Part of frie countiy (0=West, l=East) 

6.7 


Cd deposition outdoors 

0.7 

Cd deposition outdoors 

0.6 1 


Working in workshops and warehouses 

0,4 




frequently (0=fiO, l^^yes) 

41.1 


22.9 ; 
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Tabic S. Cadmium concentrations (uglg) in hair across categories of selected variables*. 



N 

PIO” 

PSO 

P90 

P95 

CM" 

CI-GM"* 

AduJts (aged 25»69 years) 

3725 

0.02 

0.04 

0.16 

0.27 

0.046 

(0.045-0.048) 

Part of the country 

West Germany 

2962 

0.02 

0.04 

0.13 

0.22 

0.042 

(0.041-0.044) 

East Gemiany 

762 

0.02 

0,06 

0.28 

0.47 

0.064 

(0.059-0.069) 

Gender 

Men 

1809 

0.02 

0.05 

0.20 

0.34 

0.052 

(0.050-0.055) 

Women 

1916 

0,02 

0.04 

0,13 

0,20 

0.041 

(0.040-0,043) 

Cd in tap water 

<0.05 pg/l 

1265 

0,02 

0.04 

0,15 

0.28 

0.043 

(0,041-0,045) 

0.06-0.5 ^g/1 

2085 

0,02 

0.04 

0.15 

0.25 

0,04S 

(0.044-0.047) 

>0.5 ti%l\ 

375 

0.02 

0.06 

0.26 

0.38 

0.065 

(0.058-0.072) 

Smoking status 

Non-smokers 

2565 

0.02 

0.04 

0.15 

0.26 

0.044 

(0.042-0.046) 

Current smokers 

1159 

0.02 

0.05 

0.18 

0.32 

0.052 

(0.049-0.055) 

Hair with permanent waves ( women ) 

No 

903 

0.01 

0.03 

0,09 

0.15 

0.033 

(0.032-0.035) 

Yes 

998 

0.02 

0.05 

0.16 

0.25 

0.050 

(0.047-0.053) 

Children (aged 6-14 years) 

704 

0.01 

0.05 

0,19 

0.30 

0.048 

(0,044 -0.052) 

Part of the country 

West Germany 

509 

0.01 

0.04 

0.16 

0.25 

0.042 

(0.038-0.047) 

East Germany 

196 

0.02 

0.06 

0.27 

0.41 

0.065 

(0.056-0.074) 

Gender 

Boys 

363 

0.01 

0.06 

0.23 

032 

0.056 

(0.050-0.063) 

Girls 

342 

0.02 

0.04 

0.11 

0.25 

0.040 

(0.036-0.044) 

Cd in tap water 

<0.05 

231 

0.01 

0.04 

0.12 

032 

0.037 

(0.032-0.042) 

0.06-0.5 UE/1 

403 

0.02 

0.05 

0.20 

0.32 

O.OS2 

(0.047-0.058) 

>0.5 /ig/t 

70 

0.02 

0.07 

0.29 

0.40 

0.066 

(0.049 -0.091) 

Physical exercise outdoors 

Rather rarely 

119 

0 .0! 

0.03 

0.10 

0.17 

0.035 

(0.029-0.042) 

Rather frequently 

583 

0.02 

0.05 

0.21 

0.30 

0.051 

(0.046 -0.055) 

Time of the year 

October to April 

455 

0.01 

0.04 

0.14 

0.27 

0.040 

(0.036-0.045) 

May to September 

250 

0.02 

0.06 

0.23 

0.33 

0,065 

(0.057-0.073) 


"All selected variables define subgroups with significantly different geometric means (/j<0.0i)I ). 

percentile of the empirical distribution, 

'Geometric mean. 

‘*95% confidence interval for the geometric mean. 


possibly due to a change of the sorption characteristics of 
the hair. 

Using multivariate regression analysis, the variables 
discussed above were confimied as predictors of cadmium 
in hair. Moreover, some minor determinants were identified, 
A long stay outdoors or in factories, a high maximum 
temperature of the day of sampling, and a high cadmium 
concentration in house dust as well as sparse hairs were 
determined as additional causes for an increased cadmium 
level in hair (Table 6). Altogether, 15.0% of the observed 
variance could be explained by the model. 
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Cadmium Concentrations in the Hair of Children 
Cadmium concentrations in the hair of children did not 
differ considerably from those in hair of adults. Also, they 
were influenced by similar factors. Therefore, the classifica¬ 
tion in Table 5 was widely similar for both adults and 
children. The difference between East and West Germany 
found for adults was also observed for children and almost 
identical in magnitude; children in East Germany had about 
50% higher cadmium levels in hair than children in West 
Germany. Cadmium in tap water seems to have a similar 
influence on the cadmium concentration in hair for both 
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Table 6. Predictors of cadmium concentration in hair. 

Adults (3/=3592) 


Children (Ar=695) 


Predictor 

Percentage* 

Predictor 

Percentage 

Part of the country (0='We5t, 1 =East) 

3.S 

Part of the country (0=We5t, 1 =East) 

3.9 

Gender (O^womcn, l=men) 

2.0 

Gender (0=girls, l=boy) 

1.7 

Cd in tap water 

l.l 

Cd in lap water 

4.0 

Duration of staying outdoors and in factories 

3.1 

Physical exercise outdoors 
(0=no, l=yes) 

1.5 



Intensive contact with playground 
sand (0=no, l=:ycs) 

0.9 

Maximum temperature of the day 

0.9 

Time of the year (0-May to 

September, 1 ^October to April) 

4.5 

CutTcnl smoker (0-no, l=yes) 

0.7 



Cd in dust from vacuum cleaner bag 

l.i 



Permanent waves in hair (0=no, 1 =yes) 

i,i 



Sparse hair (0=no, 1 =yes) 

1.2 




IS.O 


!d.5 


^Percentage of the variance of cadmium levels explained by the predictor. 


children and adults and can be interpreted as an effect of hair 
washing. 

The results of bivariate statistical analysis were con¬ 
firmed by multiple regression analysis. All five variables 
used for classification in Table 5 were predictors in the final 
regression model. Intensive contact with playground sand 
was identified as a further, yet minor, determinant. 
Altogether, 16.5% of the total variance of cadmium 
concentration in hair could be explained. 


Discussion 

In agreement with the findings of other studies (Watanabe 
et al., 1983; Ewers ei al., 1985; Grasmick et al., 1985; Hahn 
et al., 1987; Pocock et al., 1988; Staessen et al., 1990; 
Ducof&e et al., 1992; Sartor et al., 1992; Alessio, 1993; 
Hovinga et al., 1993; Benedetti et al., 1994), the results of 
the statistical analysis of the GerES data demonstrate that 
active cigarette smoking is the main determinant of blood 
and urine cadmium concentration in adults. 

There is a short-term and a long-term influence of 
smoking. Blood cadmium level is mainly determined by 
recent smoking since the biological half-time of cadmium 
in blood is only approximately 3 months (Jarup etal., 1983; 
WHO, 1992). Beyond the effect of recent smoking, inhaled 
cadmium can partly be retained in the body and re-enters 
the vascular system years later. This explains an additional 
minor long-term influence of smoking which is considered 
in the regression model by choosing the duration of 
smoking as a predictor. For cadmium concentration in 
urine, the long-term influence is of greater relevance than 
the short-term influence. 
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The urinary cadmium level reflects the body burden. It is 
mostly affected by past smoking since the biological half¬ 
time of cadmium in the liver and kidney, and in other 
compartments is between 7 and 30 years. However, it can 
also be influenced by current excessive smoking. In cases 
where the cadmium concentration in the renal cortex tends 
to plateau, cadmium that is still absorbed cannot be further 
retained in the kidney and is rapidly excreted via the urine 
(WHO, 1992). This explains why the number of cigarettes 
smoked currently is a predictor in the regression model for 
cadmium concentration in urine. 

Smoking cigars, small cigars and pipes does not lead to 
increased cadmium levels in blood and urine. Obviously, 
much less tobacco smoke is inhaled in these cases than in 
cigarette smoking. Passive smoking does not seem to be 
relevant for cadmium intake: surrogate parameters for 
passive smoking, like the frequency of staying in smoky 
rooms, being married to a smoker (yes/no) and the number 
of smokers in a household, do not influence the cadmium 
level significantly. 

No other pathway of exposure to cadmium has an 
importance similar to that of smoking. This is especially 
true for oral exposure. According to Elinder et al. (1994), 
a person ingests 10-25 pg cadmium per day. In GerES 
Ila, the oral uptake (GM) was found to be 7.4 pg Cd/ 
day (Becker et al., 1996). Although this is more 
cadmium than a heavy smoker would inhale daily (about 
4 pg, assuming 20 cigarettes per day and 0.2 pg Cd per 
cigarette; see Elinder et al., 1983; Watanabe et al, 1987), 
the respective dose from oral exposure is only 5%, which 
is much less than the dose from exposure via inhalation 
(almost 50%). Indeed, ingested cadmium is absorbed less 
readily than inhaled cadmium (Friberg et al., 1986). It is 
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nevertheless surprising that an eifect of special food 
consumption, e.g., frequent offiil and fish meals, could not 
be detected by the descriptive and inferential statistical 
analysis carried out. However, it should be noted that in a 
specific comparative study, Hovinga et al. (1993) could 
demonstrate a slight influence of fish consumption on the 
blood cadmium level. 

Occupational exposure is not important as far as an effect 
on the mean cadmium level in the general population is 
concerned. Out of the occupational variables, only “fre¬ 
quently working in worirshops and warehouses” (yes/no) 
was proven to be a minor predictor of urinary cadmium 
concentration in adults. Although specific information 
about cadmium exposure at work was available from the 
questionnaires, the relative small number of subjects with a 
known occupational exposure to cadmium, namely 21 out 
of 4021 adults, allows no detection of significant differ¬ 
ences. In fact, such differences could be observed in specific 
studies carried out to examine associations between 
occupational exposure and cadmium level in blood and 
urine (Jarup et al., 1983; Kawada et al., 1990; Karakya et 
al., 1993). 

In contrast to adults, much less is known about 
determinants of blood and urine cadmium concentration in 
children. The levels in children are substantially lower and 
vary less than in adults. Therefore, measurement errors arc 
of relatively greater importance and may account for the 
lower percentage of variance explained in the regression 
models for children. Moreover, active cigarette smoking as 
the main determinant of cadmium level in adults is of minor 
relevance for children. 

Determinants of cadmium concentration in hair are 
somewhat different from those relevant for blood and 
urine. Outdoor activities, chemical treatment of the hair, 
and the cadmium concentration in tap water are specific 
predictors in the model for hair. Men and boys have 
substantially higher cadmium levels in hair compared to 
women and girls, which was also found in other studies 
(DiPietro et al., 1989; Leotsinidis and Kondakis, 1990; 
Wilhelm et al., 1994). For both adults and children, there 
are essentially the same factors which influence the 
cadmium level in hair. Altogether, the degree of 
explanation of the variance of cadmium concentration in 
hair is much lower than that of the cadmium concentration 
in blood and urine. 

The cadmium levels in East Germany are, on average, 
higher than in West Germany. The difference is significant 
for all considered matrices and for both adults and children, 
with the exception of blood cadmium levels in adults. A 
possible explanation is the different environmental exposure 
in both parts of Germany in the years 1990-1992 and 
before. The soil cadmium pollution was higher in the former 
GDR than in West Germany. Further, the mean cadmium 
content in cigarettes smoked in the GDR was higher than in 
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the old states of the Federal Republic of Germany. In 
another large epidemiological study with more than 2000 
children at the age of 6 years carried out in West and East 
Germany, no regional differcnt blood cadmium levels were 
found (Begerow etal., 1994). Obviously, regional different 
cadmium concentrations only appear in elder children and 
adults. 

In addition, it should be noted that the mean cadmium 
concentrations in blood of West German adults were lower 
in GerES Ila (1990/1991) compared with GerES I which 
was conducted in 1985/1986 (Krause et al., 1989). The 
GM of the blood cadmium concentration decreased by 25% 
(from 0.45 to 0.36 /rg/l) over the period of 5 years. 
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